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1.0 EXECUTIVE SUMMARY 

Citico Pump Station is a sanitary and combined sewer pump station located at 929 Riverside Drive in 

Chattanooga, Tennessee, one of the larger pump stations within the City of Chattanooga’s sewer system. 

The pump station collects sewer flows from influent gravity sewers, screens the flow to remove debris 

and rags, and pumps the flow through two force mains under the Tennessee River to a discharge manhole 

structure on the North side of the river. The discharged flows are then conveyed by gravity through sewer 

trunk lines to the Moccasin Bend Waste Water Treatment Plant. 

The City of Chattanooga engaged Burns & McDonnell Engineering Company to execute a project to 

improve the reliability of the station to reduce the likelihood of sewer overflows when Citico Pump 

Station is down for an emergency event or major maintenance. Reliability improvements will include the 

addition of an emergency backup pump station to operate in the event of an emergency at Citico Pump 

Station, a permanent backup generator for onsite power redundancy, preparations for a second electric 

utility service to the site to serve as an alternate source in the future, electrical equipment upgrades to 

eliminate single points of failure, and a new odor control system. 

This Preliminary Engineering Report (PER) addresses the design of an Emergency Backup Pump Station, 

electrical reliability improvements, the odor control system, and the construction sequencing which will 

bring the improvements into service while minimizing down-time or extended bypass pumping of the 

existing pump station. The Emergency Backup Pump Station will be located upstream of the existing 

Citico Pump Station and have a capacity of 45 MGD. Mechanical grinders will be utilized for solids 

maceration upstream of submersible pumps, which will convey the flow across the river via the existing 

force mains. A permanent on-site diesel generator will be installed to provide a redundant electrical 

service, and cabling and site planning allocations will be made to accommodate a future second electrical 

service to the site from the power utility. A new service entrance switchgear and distribution switchboard 

will be installed at the station to complete the electrical reliability improvements. The odor control system 

will be replaced and upgraded. Construction will be sequenced such that the installation of new 

equipment is completed without disrupting any services or flows to the existing station. When the 

improvements are ready to be brought online, pre-planned downtime of the existing station will be 

required to make final electrical and piping connections. It is the intent of the design that down-time of 

the existing station be kept to a minimum, and wastewater flow will be diverted to the new Emergency 

Backup Pump Station while the existing station is down for final construction connections. 
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2.0 DESIGN OBJECTIVES 

2.1 Introduction 

In 2015, Burns and McDonnell Engineering Company, Inc. (BMcD) conducted an assessment of Citico 

Pump Station to determine improvements which could be made to increase reliability, add redundancy, 

and improve operational efficiency. Following the release of the Pump Station Assessment Technical 

Memorandum in June of 2015, the City of Chattanooga engaged BMcD to execute a project to improve 

the reliability of the station by adding an Emergency Backup Pump Station (EBPS), a backup generator, 

new electrical switchgear and switchboard, and a new odor control system.  

The intent of the EBPS, located immediately upstream of the existing Citico Pump Station, is to reduce 

the likelihood of sewer overflows by operating when Citico is down for an emergency event or major 

maintenance. During emergency events, wastewater will divert by passing over a weir into the EBPS as 

the influent water level rises above the normal high water level of the Citico Pump Station. The EBPS 

pumps will start automatically as the wet well level increases. For a major maintenance event, a slide gate 

in the diversion chamber can be closed to completely shut off Citico and divert all flow to the EBPS. The 

minimum target capacity of the EBPS is 80 percent of Citico’s historical dry-weather flow. 

Electrical reliability improvements at the Citico site will be constructed to provide permanent on-site 

emergency backup power generation, make provisions for a second site electrical utility feed, and 

eliminate single points of failure in the electrical system. The existing odor control system will be 

replaced with a new, larger system having capacity to treat both the existing Citico pump station and the 

new EBPS. 

2.2 Existing Conditions 

The existing Citico Pump Station has been in operation since the 1991.  It was constructed as an upgrade 

and replacement of the original Citico Pump Station (Contract 10), which was built in the latter part of the 

1950s. The original pump station conveyed wastewater flow from the south side of the Tennessee River 

to the north side via a 30-inch concrete pressure pipe force main (Contract 8) built around the same time. 

Modifications were made to the station in 1976, and it remained in operation until the early 1990s, when 

it was decommissioned and the building and site were turned over to the Parks Division of the Public 

Works Department. The current Citico Pump Station (Contract No. 37-C) was designed in 1989 and 

subsequently built, with a capacity of approximately 119 MGD. Figure 2-1 shows the arrangement of the 

existing Citico site. A new 48-inch ductile iron pipe (DIP) force main was constructed at the same time 

(Contract No. 37-B) to convey wastewater from the new Citico Pump Station across the river in an 
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alignment approximately parallel to the existing 30-inch pipe. The current station utilizes both the original 

30-inch and the newer 48-inch force main to convey wastewater under the river, which discharge into a 

junction box and an 84-inch reinforced concrete pipe (RCP) interceptor sewer that carries the flow to the 

Moccasin Bend Waste Water Treatment Plant (MBWWTP). 

In 1999, a Combined Sewer Overflow Treatment Facility (CSOTF) was designed and subsequently 

constructed adjacent to Citico Pump Station. It captures wet-weather combined sewer events from the 

downtown area and provides primary screening and treatment before discharging to the Tennessee River. 

The CSOTF effluent pump project, under construction as of February 2017, will add pumps in the 

effluent chamber of the CSOTF to allow it to operate when the Tennessee River water elevation is too 

high for it to operate by gravity. When flows at Citico are less than station capacity, wastewater from the 

combined interceptor bypasses the CSOTF and flows to the Citico Pump Station which conveys it across 

the river for full treatment at the MBWWTP. The overall Citico facility is largely automated, and 

operators typically check on the facility once a week. Maintenance records of the facility are stored in a 

work order system at the MBWWTP. 

Figure 2-1: Citico Pump Station Site (source Bing Maps) 

 

Citico 

CSOTF Citico Pump Station 

Original Pump 

Station 

(not in service) 

Tennessee River 
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Citico is arranged in a wet- and dry-well configuration, with four 450 HP horizontal centrifugal pumps 

rated for 27,500 GPM at 50 feet of head with Variable Frequency Drives (VFDs). Based on three duty 

pumps and one standby, Citico is rated for a firm capacity of approximately 118.8 MGD. Influent enters 

the station through a 72-inch RCP interceptor line from the north wall of the wet well. A wall-mounted 

slide gate in the wet well serves to shut off the 72-inch line flow into the station, however there is concern 

by City staff that due to extensive corrosion of the frame and anchors this gate is no longer safe to operate 

and may fail in the event of an attempted closure. The 72-inch gate is currently in the open position and, 

by City staff recollection, has never been closed. A new motor operator, installed on this gate in 2016, 

occupies a space of the floor within the existing odor control equipment room above the wet well. A 36-

inch influent line also enters the wet well from the east wall and has a similar slide gate. City staff 

believes this 36-inch gate, currently closed, is inoperable and that the upstream line is no longer in 

service. Research of as-built construction drawings indicate that the 36-inch line may have been used, 

most recently, as a temporary bypass during the construction of the CSOTF project and subsequently 

abandoned.  

Citico is fed by a single utility feeder at 12kV from Electric Power Board of Chattanooga (EPB). That 

utility feed enters a 2500kVA transformer, which steps-down from utility voltage to 480Y/277V. There 

are three services tapped from this transformer. The pump station was initially the only facility fed from 

this transformer. The CSOTF was added as a second tap on the secondary side of the transformer. The 

CSOTF effluent pump project, under construction as of February 2017, was designed as a third tap on the 

transformer in anticipation of this project design. The tap that feeds the pump station switchboard is a 

3,000A service. The tap that will feed CSOTF Effluent Pumps is an 800A service. The tap that feeds the 

CSOTF Motor Control Center is a 600A service.  

The pump station switchboard is a Cutler-Hammer Pow-R-Line C, 3000A, 480Y/277V, 3-phase, 4 wire, 

65kAIC switchboard and has five feeders that it supplies. Four are 900A feeders that provide power to the 

four 450 HP pump station pumps. The fifth 600A feeder serves the pump station MCC.   

A City-owned, trailer-mounted, 1,500kW generator can be parked at Citico and connected to the main 

pump station switchboard bus to provide backup power to the pump station. The generator cables run to a 

quick connect switchgear section outside of the pump station. That outdoor switchgear is connected to the 

bus of the interior pump station switchboard. The main breaker on the outdoor quick connect switchgear 

is interlocked with the main breaker on the interior pump station switchboard with a key interlock. The 

key interlock prevents both main breakers from being closed at the same time. This generator is not 

capable of providing backup power to the CSOTF. 
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The odor control system currently installed within the Citico pump station has a capacity of 9,600 cfm at 

20 HP. The system uses a carbon media which requires replacement approximately every eight months. 

Supply air for the odor control system enters the wet well from the plenum space in the existing 

mechanical room and is exhausted through the chimney next to the elevator shaft. The equipment for the 

odor control system is installed within the pump station building in a room which opens to the screening 

room.  

2.3 Emergency Backup Pump Station 

2.3.1 Existing Flow Data and EBPS Pumping Capacity 

Tabulated effluent flow data from Citico was provided by the City to Burns & McDonnell for a five-year 

period from 2011 to 2016. Rainfall data from the nearby Lovell Airport (NOAA Station ID 401656) was 

acquired and correlated with the pump station flow data in order to separate the dataset into dry- and wet-

weather periods. Figures 2-2 and 2-3 show exceedance curves for dry-weather flow and for all-weather 

total daily flow, respectively, for the Citico pump station during the five-year period for which data was 

analyzed. From June 2011 to June 2016, the maximum daily flow was 108 MGD. At the direction of the 

City the target for emergency backup pumping capacity was to capture a maximum flow representing a 

0.2 probability of exceedance, or 80 percent of the maximum flow during dry weather. 40 MGD was 

preliminarily targeted as a design capacity, representing a 0.23 dry-weather flow probability of 

exceedance, however a final decision was made to increase the design capacity to a more conservative 45 

MGD, representing 0.08 dry-weather flow probability of exceedance or 92 percent of maximum flow 

during dry weather. 45 MGD also represents a 0.28 total flow probability of exceedance for all-weather 

total flow.  Two duty pumps with VFDs, rated at 22.5 MGD each, will be included in the design. 
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Figure 2-2: Dry-Weather Flow Probability of Exceedance (2011 to 2016) 

 

Figure 2-3: All-Weather Total Flow Probability of Exceedance (2011 to 2016) 
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2.3.2 Pump Station Operating Levels 

The existing Citico Pump Station wet well operates between a low water level elevation of 624.75 feet 

and a high-high alarm level of 637.75 feet, according to current operational schemes. The floor of the 

existing wet well is at an elevation of 618.75 feet and the pump intake centerline is at an elevation of 

623.79 feet. The normal set-point in the wet well is 9 feet (627.75) for the lead pump control, and pumps 

run in a Lead-Lag1-Lag2 sequence. If the Lead pump runs for 60 seconds at maximum speed, Lag 1 

pump is started and the pumps continue to run at the 9-foot set-point. If both the Lead and Lag 1 pumps 

run at maximum speed for 60 seconds, Lag 2 pump is started. For emergency operation during a PLC or 

communications failure, a float switch is installed at elevation 636.75 that starts three pumps when 

activated. The critical system elevation representing a potential overflow is located at an upstream 

junction box on the interceptor line which has experienced overflows in the past. The rim elevation at this 

junction structure is approximately 641.8 feet. Maintaining adequate pumping across the river in order to 

keep the hydraulic grade line of the upstream conveyance system below 641.8 feet is crucial to the 

ongoing operational success of this station and preventing overflows.  

The EBPS will be designed with a diversion chamber directly connected to the 72-inch interceptor sewer 

upstream of Citico Pump Station. Flow staging above 636.50 will overflow a weir into the EBPS and 

engage the backup pumps. The EBPS weir elevation will be adjustable. 

2.4 Electrical Reliability Improvements 

Considering the critical nature of the Citico Pump Station, the existing power distribution system has 

limitations. The limitations include a single permanent source of power, limited redundancy, and limited 

on-site backup power generation capability. A loss of utility power will result in no available power 

connection to all of the CSOTF and a limited source for operation of the main pump station via the trailer-

mounted generator.   

2.4.1 On-Site Backup Power Generation 

To minimize the risk of power loss to the pump station and CSOTF, an on-site permanent backup power 

generator is required.  The City’s trailer-mounted generator is not viable as a permanent back-up power 

source, as the generator size is not large enough to support the firm capacity of the Citico Pump Station.  

No automatic transfer control scheme is in place, so the portable generator cannot be utilized for back-up 

power until operations staff can arrive at the station following a utility power outage. Staff must manually 

isolate the utility source and close the generator switchgear circuit breaker to connect the generator source 

to the switchboard bus using the key-interlock scheme.  Although the generator is connected to the main 

switchboard bus to support pumps in the pump station, the generator source is electrically-isolated from 
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the CSOTF and therefore cannot be used as a back-up power source for CSO treatment or treated effluent 

pumping. Furthermore, wiring connections from the generator to the switchgear are made with portable 

cables routed exposed along the ground.  The cabling is subject to degradation due to weather and is at 

risk of being damaged and vandalized.  To improve overall electrical system reliability, a new outdoor 

diesel engine generator will be installed.  

2.4.2 Provisions for Second Utility Service 

A single overhead 12kV circuit from EPB enters the site and is connected to the primary of a single pad-

mounted substation transformer.  The station is normally connected to EPB circuit RIV 209.  If a fault 

occurs on circuit RIV 209, the EPB distribution system is equipped with auto-reclosing control that 

attempts to reclose the substation circuit breaker for RIV 209 within approximately 5 seconds following 

the fault.  If the reclosing is unsuccessful, the EPB system is capable of automatically switching the 

overhead line to other 12kV circuits after approximately 10 seconds.  An extension of the overhead 

system from one of the other EPB feeders to the site has been discussed as a future addition that would 

allow for additional redundancy for the primary power source to the pump station. The second overhead 

service would allow the pump station load to be transferred from the primary utility service to the 

alternate utility source utilizing a transfer control scheme at the pump station. The intent of the alternate 

utility source is for it to be used only in the event of an outage to the primary utility circuit, and not 

normally connected and sharing station load at all times. This project will allocate real estate and place 

conduit for a second pad-mounted transformer to be installed in the future, however the second 

transformer will not be installed as part of this project. 

2.4.3 Eliminate Single Points of Failure 

The existing pump station electrical one-line has multiple single points of failure that could result in loss 

of power to much or all of the overall Citico station facilities. Perhaps the most significant single point of 

failure is the main switchboard within the pump station.  A failure of the main circuit breaker or a fault on 

the main bus of the switchboard would render the station out of service, as neither the utility source nor 

the portable generator could be used to supply the Citico pumps.  One of the goals of the electrical 

reliability improvements is to eliminate as many of these potential failure points as possible. To minimize 

the risk of an outage or fault impacting all Citico pumps, this design will electrically isolate one of the 

pumps from the other three in a split bus arrangement, such that stand-by power or an alternate source 

could be connected to the electrically isolated pump. 
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2.5 Mechanical Improvements 

2.5.1 Odor Control System Replacement 

A new odor control system will be installed to replace the existing system and to provide capacity for the 

new EBPS. The carbon media capacity in the existing pump station is undersized and requires frequent 

maintenance. At the direction of City staff, the new odor control system will be designed based on a linear 

scale-up of air handling equipment and carbon capacity for the unit to increase by 50 percent. This scale-

up is intended to reduce the frequency of carbon replacement. Staff reports that other pump stations in the 

City are on a schedule for annual carbon replacement. The room presently housing the odor control 

system will be reallocated for electrical equipment and a new odor control system will be installed outside 

the pump station. A driveway adjacent to the new odor control system pad will allow direct access for 

carbon removal and replacement. 

2.5.2 Air Conditioning System 

Moisture and other air constituents have degraded the air conditioning unit and ductwork which serve the 

existing pump station electrical room and the equipment must be replaced. The existing odor control 

equipment room will be converted to an electrical equipment room, and a new air conditioning unit is 

required to protect the new equipment. Two doorways and a portion of the plenum in the existing 

mechanical room will be isolated and closed to bring the space into compliance with NFPA code for 

hazardous areas. 

2.6 Existing Force Main Conditions Assessment 

The existing 30- and 48-inch wastewater force mains crossing the Tennessee River from Citico Pump 

Station have been in service since approximately 1954 and 1989, respectively. The newer 48-inch line is 

Class 51 DIP, while the river crossing portion of the 30-inch is concrete pressure pipe of an unknown 

specification. A conditions assessment will be undertaken during the construction phase of this project to 

determine the serviceability of each force main and to make recommendations on potential refurbishment 

or replacement. Due to the dissimilar material of the new force mains and challenges associated with 

emptying the pipes, sonar technology will be utilized for the assessment. The assessment technology 

requires physical access to the pipe, but site constraints do not allow for the consideration of full pigging 

stations. Manholes over tees with blind flanges on the force mains will be installed within the pump 

station security fence to allow direct access to the pipes for assessment. During this construction, an 

isolation valve will be installed on the 48-inch river crossing force main, as there is currently no 

capability to close off flow from Citico to this force main. The new valve on the 48-inch DIP line will be 

within the pump station driveway pavement. 
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3.0 DESIGN RECOMMENDATIONS 

3.1 Emergency Backup Pump Station 

3.1.1 Pump Selection 

The two existing discharge force mains from Citico create six potential pumping scenarios for the 

proposed EBPS by combining one or both pumps in operation with one or both force mains. A flow-

splitting tee with manually-actuated plug valves on each branch will be installed on the EBPS discharge 

piping and allow the station to utilize either the 30- or 48-inch force main, or both. Table 3-1 establishes 

the six scenarios and corresponding TDH for each run, which was calculated by modeling the proposed 

system using AFT Fathom 9 software with an assumed C-factor of 100 for the existing DIP and concrete 

pressure pipes crossing the river. An assumed C-factor is used because a current condition assessment of 

the force mains is not available. The river crossing force mains, each approximately 2,000 feet in length, 

discharge to a manhole on the north side of the river at a centerline elevation of 648.5 feet (per as-built 

design data). The design static head for the EBPS pumps is 13.5 feet, based on the discharge pipeline 

elevation of 648.5 feet and an assumed normal operating wet well level of 635.0 in the EBPS. The 

discharge on the north side of the river is lower than the EBPS discharge piping header, so the header 

piping will drain down to the wet well elevation at each pump stop. The pump risers will be equipped 

with combination air vacuum valves to protect the pump station piping. The EBPS is designed to operate 

when the Citico Pump Station is not in service. For this reason, the EBPS hydraulics do not include losses 

associated with the Citico station pumping.  

Table 3-1: Emergency Backup Pumping Scenarios 

Scenario 
Pump 1 

(22.5 MGD) 

Pump 2 

(22.5 MGD) 

Ex. 48-inch 

WWFM 

Ex. 30-inch 

WWFM 
TDH (ft) 

1 ON OFF OPEN CLOSED 17 

2 ON OFF CLOSED OPEN 32 

3 ON OFF OPEN OPEN 16 

4 ON ON OPEN CLOSED 21 

5 ON ON CLOSED OPEN 74 

6 ON ON OPEN OPEN 19 

 

The maximum design capacity of the EBPS established the selection of pumps and operating scenarios. 

Both pumps are equipped with VFDs to allow them to match pumping output to the incoming flow. Table 

3-1 shows the range of pumping head for each discharge force main scenario, including the head 
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conditions operating through the valve to the 30-inch force main only. Pumps were selected specifically 

for scenarios 4 (primary) and 1 (secondary), with a design goal of 22.5 MGD per pump at approximately 

21 feet of head. In this configuration the 48-inch force main is open and the 30-inch force main is closed. 

The remaining scenarios are also feasible with the exception of full flow through the 30-inch force main 

alone. In the event of a failure of the 48-inch force main (the primary pumping scenario), one pump will 

be able to operate through the 30-inch force main only. 

3.1.2 Pump Station Configuration 

3.1.2.1 Site Layout 

The EBPS will be constructed adjacent to the Citico Pump Station, on the north side of the existing 

structure. The Tennessee River 100-year flood stage elevation of 657.00 feet constrains the site unless 

permitting is undertaken for the construction of permanent embankment within the flood plain. This 

design is focused on constructing improvements outside the flood plain limits. The proposed EBPS will 

be constructed below grade with hatch covers at the elevation of the existing driveway. Actuators for the 

slide gates within the station will be above grade, and a hoist crane above the station will provide for the 

removal of pump and grinder equipment from the wet well. Preliminary drawings included in Attachment 

1 detail the existing site and proposed site improvements.  

Due to the adjacent flood plain, site improvement constraints require that the proposed EBPS be 

constructed as near as possible to the existing Citico pump station structure. Buoyancy of the existing 

station was analyzed in order to account for the removal of existing soil where the new station will be 

constructed. Structural calculations confirmed that temporary removal of the soil north of the structure 

would not endanger the existing station.  Structural analysis was also performed to consider the flexural 

and shear strength of the existing station walls for the additional soil forces caused by the new EBPS 

structure nearby, as well as for the hydraulic load on the north wall caused by the pump station being full 

but no surrounding soil being present to counteract that hydraulic force. In order to protect the existing 

walls, the EBPS footing elevation must be at or near to the elevation of the existing station slab. Though 

the depth is significant, approximately 40 feet, the placement of the EBPS structure bottom at the same 

elevation as the existing station is also beneficial to the selection of new pumps and the controls scenario. 

All portions of the new EBPS will be considered confined spaces and signage at the site will indicate that 

only permitted entry will be allowed. All equipment will be installed such that maintenance and 

monitoring during normal operation can be achieved without confined space entry. Preliminary drawings 

included in Attachment 1 include section drawings of the EBPS structure. 
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3.1.2.2 Flow Configuration 

The EBPS will be constructed to take flow from the 72-inch gravity interceptor sewer immediately 

upstream of the existing Citico Pump Station. The new EBPS diversion chamber and the wet well for the 

EBPS will be constructed as a single structure, built atop the 72-inch RCP interceptor. Wastewater will 

divert to the backup pumps by flowing over a weir into the EBPS diversion chamber, which will occur 

during an emergency event if the Citico Pump Station goes out of operation. A new electric motor-

operated slide gate on the 72-inch RCP will be installed within the EBPS diversion chamber such that 

flow can be completely isolated from Citico, which will also cause flow to enter the EBPS wet well. The 

EBPS pumps will engage automatically by level control.  

Maceration will be provided to protect the new EBPS pumps and the downstream MBWWTP. At the 

direction of City staff, a passive screen will not be considered due to the depth of the station and the 

confined space entry which would be required to maintain it. Three mechanical grinders or similar 

equipment will be installed to meet the maximum capacity plus one unit, such that a single grinder can be 

out of service while the station continues to operate at capacity. The grinders, or similar maceration 

equipment, will be oriented to accept flow downstream of the EBPS weir, and will operate automatically 

based on water level. The grinders will be installed with guide rails and hoists for maintenance 

accessibility without confined space entry. Motor-operated slide gates upstream of each grinder unit will 

allow a single channel to be closed from flow while a unit is out of service. 

The EBPS operates automatically based on wet well level and a pump speed signal from the Citico main 

PLC. Macerated flow will enter the EBPS wet well downstream of the grinders. The EBPS wet well will 

be rectangular in shape and designed to meet Hydraulic Institute requirements for minimum dimensions, 

baffles, and flow channelizing arrangement. Two duty pumps rated for 22.5 MGD each, with no standby 

pump, will convey wastewater directly into the river crossing force mains. The EBPS will be equipped 

with two 24-inch pump discharge risers connected to a 36-inch pipe manifold which will split at a tee 

north of the EBPS to connect east and west to both the existing 30- and 48-inch force mains. Each pump 

discharge line will be installed with a combination air vacuum valve due to the header elevation being 

higher than the discharge on the north side of the river. Each pump discharge line will also have a swing 

check valve and plug valve in the adjacent valve vault. Plug valves will be installed at each run of the 

splitter tee between the 30- and 48-inch river crossing force mains such that flow can be diverted to each 

or both lines. The pump discharge line valves in the vault will be equipped with hand wheels and the 

below grade valves in the yard with valve boxes and manual square nut operators. Refer to the 

preliminary drawings included in Attachment 1 which include section drawings of the EBPS structure. 
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The existing Citico Pump Station is metered within the station. Effluent flow through the EBPS will be 

measured by a weir equation from level transmitters at the diversion chamber weir. 

Odor control for the EBPS will be incorporated into the capacity of the new odor control system which 

also handles the Citico Pump Station wet well. Section 3.3 discusses the odor control improvements.  

3.2 Electrical Reliability Improvements 

BMcD considered several approaches to reconfiguring the electrical systems at the Citico Station in an 

effort to address all of the objectives described above.  Specific features and benefits of the proposed 

electrical configuration are discussed below. The configuration recommended to achieve the stated 

objectives is depicted in the preliminary electrical one-line diagram, Sheet E602 of Attachment 1.   

3.2.1 Service Entrance Switchgear 

A new service entrance switchgear will be provided as the centerpiece of electrical improvements. The 

switchgear will be configured with three main circuit breakers.  Two incoming circuit breakers will be 

provided for 480Y/277V secondary service from primary and alternate utility sources, and one incoming 

circuit breaker will be provided for connection of an on-site generated source.  The switchgear will also 

be configured with a bus-tie circuit breaker to allow for electrical isolation of various loads for 

maintenance purposes and for generator exercising under load. All circuit breakers including mains, tie 

and feeders will be electrically-operated, draw out type. The switchgear will be provided with an 

automatic transfer control system. The automatic transfer control scheme will be initially set up to transfer 

between the existing utility service and the proposed permanent generator service with the capability to 

modify the control scheme to incorporate the second utility feed into the transfer scheme in the future. 

The switchgear will provide power monitoring of all three service connections. The switchgear will be 

located in the modified equipment room of the existing Citico Pump Station following the planned 

demolition of the existing odor control equipment which is to be replaced. 

3.2.2 Distribution Switchboard 

A new 480Y/277V distribution switchboard will be provided and supplied via a cable bus system from a 

feeder breaker in the new service entrance switchgear.  The distribution switchboard will be located in the 

equipment room of the existing pump station.  The switchboard will be furnished as main lug only and 

with molded case feeder breakers to supply various loads as identified on the attached one-line diagram.  

The separate switchboard for distribution is intended to improve arc flash hazard conditions downstream 

of the service entrance switchgear and for a more cost effective solution compared to the draw-out style 

metal-enclosed switchgear.   
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3.2.3 Permanently Installed Backup Diesel Generator 

A permanent diesel engine generator will be provided for back-up power.  Preliminary calculations yield 

a required size of 1750 kW, which will support several different load combinations at the Citico Station.  

Primarily, the generator will be sized to simultaneously support the rated capacity of the Citico Pump 

Station at 118.8 GPM (three pumps) and the CSOTF, excluding effluent pumping.  In the event of a high 

river condition and the need for CSO effluent pumping, the generator will support all CSO treatment and 

effluent pumping loads along with limited pumping from either the existing Citico pumps or the EBPS 

pumps.  Lastly, the generator will also be able to provide power for the full capacity of the EBPS, 

however it will not be able to power the Citico Pump Station at rated capacity and the EBPS 

simultaneously. The generator will serve as a second option power source initially, prior to the redundant 

utility service being installed. When the redundant utility service is installed, the generator will become 

the third priority power source.  

The generator will be permanently mounted on a concrete slab, and will be positioned outside the 100-

year flood plain of the Tennessee River. The generator will be specified with a sound-attenuating 

enclosure to achieve a maximum sound power level of 70 dBA at a distance of 50 feet from the enclosure.  

The diesel engine will have a belly-mounted fuel tank with capacity for 24 hours of operation. The 

security fence around Citico will be extended to encompass the new generator with the necessary access 

to accommodate a refueling truck. All non-drivable disturbed areas within the expanded fence line will be 

finished with crushed stone or other pervious material. 

3.2.4 Redundant Utility Service 

Provisions for a second redundant utility feed will be installed. The provisions for this service will include 

a fully installed and functional main breaker within the switchgear and duct bank system for the future 

transformer secondary conductors to the service entrance switchgear.  Site planning will also include an 

allocated location on the site for the future pad-mounted transformer, however no pad will be provided 

and the redundant utility service conductors will not be installed as part of this project. The future 

transformer pad will be located outside of the 100-year flood plain. When installed, the second utility 

source is intended to be energized to the site, but not normally supporting any Citico station loads.  The 

source will be designated as a “stand-by” or alternate service. 

3.2.5 Redistribution of Existing Facility Loads 

Citico Pump Station pumps, the EBPS, CSOTF, and CSO effluent pumps will be distributed between the 

two distribution switchboards that are supplied from the new service entrance switchgear as indicated on 

the proposed electrical one-line diagram (see attached drawing, Sheet E602).  This reconfiguration will 
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allow the flexibility of isolating the two busses on either side of the tie breaker should a fault occur on one 

side, or for maintenance activities.  The bus-tie will normally be in the closed position allowing all loads 

at the Citico Pump Station to be supplied from the normal utility source.  The bus-tie and split bus 

configuration will also allow for regular testing and exercising of the stand-by generator with and without 

load connections, and without interruption of service to normal pumping operation. 

As an added redundancy feature, an auto-transfer switch will be provided so that the existing 480V MCC 

at the Citico pump station can be supplied from either bus of the new switchgear.  The MCC supplies 

loads that are critical to operation of the pump station.  The timing of the transfer from one source to the 

other will be coordinated with other electrical system transitions that will occur at the service entrance 

switchgear.  The transfer switch will be located in the equipment room of the existing pump station. 

3.2.6 EBPS Electrical Service 

A new electrical system will be provided for the EBPS. The backup pumps will be supplied with VFD’s 

and individual feeders from the new distribution switchboard.  VFD’s will be located in the equipment 

room of the existing pump station.  Additional electrical loads associated with the EBPS such as the 

grinders will be supplied at 480V from existing pump station distribution panels or from a new 480V 

panelboard.   

3.2.7 Controls and Instrumentation 

A new PLC-based control system will be provided for control of the EBPS and for monitoring the status 

and alarm conditions of other equipment and systems.  The PLC system will be specified with a GE RX3i 

processor to be consistent with City of Chattanooga control system standards.  Networking of the new 

PLC system with the existing Citico pump station PLC and with the new EBPS VFD’s will be considered 

during final design for integration of control functions and as a cost effective solution to an individually 

hardwired control interface.  Critical alarm conditions will be hardwired from the PLC network to the 

existing pump station RTU for alerting operations staff at the MBWWTP via the existing telemetry 

system.   

New instrumentation will be provided at the EBPS for control of the EBPS pumps and grinders, and for 

other alarm conditions as follows: 

Level transmitters will be installed in the EBPS diversion chamber up- and down-stream of the weir with 

analog signals transmitted to the PLC.  The PLC will be capable of generating level alarm conditions 

which correspond to the elevation of the top of the weir, alerting the operators that the EBPS is being put 

into service. Flow will be measured in the EBPS via a weir equation from these level transmitters, which 
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will be transmitted to the PLC for local display of the effluent flow. The PLC will be wired to the grinder 

control panels. The PLC will start the grinders based on the level transmitter downstream of the weir.   

A level transmitter will be installed in the EBPS wet well with an analog signal transmitted to the PLC.  

The PLC will provide the logic for EBPS pump starting, stopping, and speed control based on a level set 

point for the wet well.  High and low level switches will be installed in the EBPS wet well for discrete 

alarms as a back-up to the analog level control performed by the PLC.   

3.3 Mechanical Improvements 

Ventilation and air conditioning improvements will be undertaken inside the existing pump station to 

replace aging and deteriorated equipment, protect the new electrical equipment being installed, and to 

replace the odor control system. Mechanical design will adhere to the following codes and standards: 

 National Fire Protection Association (NFPA) Codes, Standards, and Recommendations. 

 Occupational Safety and Health Administration (OSHA) Standards Manual. 

 Sheet Metal and Air Conditioning Contractor’s National Association (SMACNA). 

 American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) 

3.3.1 New Odor Control System 

The existing odor control unit will be demolished and a new odor control unit will be installed to serve 

the new EBPS and the existing Citico pump station screening room and wet well. The odor control unit 

will be located outside of the existing pump station and the drums will be on an equipment pad to allow 

direct access to the driveway. In the absence of influent air composition data that would normally be used 

to develop mass loadings of constituents such as hydrogen sulfide, mercaptans, dimethyl disulfide, 

skatoles, and other odor-causing compounds, a proper sizing of odor-treatment equipment cannot be 

performed in a manner consistent with standard practice. The design of the system will be based on a 

linear scale-up of the existing system, and BMcD does not warranty or guarantee the performance of this 

equipment in regards to any reduction in odors or odor-causing compounds. To de-rate the EBPS from a 

Class I, Division 1 to a Class I, Division 2 area, NFPA-820 requires continuous ventilation at a minimum 

of 12 air changes per hour. New supply fan(s) and associated ductwork will provide supply air to the wet 

well and Screen Room. The new odor control system will act as the exhaust. The supply and exhaust will 

maintain a negative differential pressure relative to ambient pressure of -0.1 inches water column. FRP 

ductwork will be routed below grade from the EBPS to the new odor control unit. Explosion-proof unit 

heaters will be provided to temper air during winter months and protect against freezing.  
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3.3.2 Existing Mechanical Room 

The Mechanical Room currently serves as a plenum space to provide air into the dry well and wet well, 

and it houses part of the split A/C unit that currently serves the Control Room. To comply with NFPA-

820 F-2, the existing wall penetration for the fan supplying air to the Screen Room and wet well will be 

closed to separate the Mechanical Room from the adjacent Class I, Division 2 rated Screen Room. The 

existing split A/C unit and ductwork will be removed and replaced. The unit controls will include an 

“ON-OFF” supply fan selector and a “HEAT-COOL-OFF” selector located within wall-mounted 

thermostats and placed in the Control Room. 

3.3.3 Existing Control Room 

The existing pump station electrical equipment is housed in the Control Room next to the Mechanical 

Room. This room is currently served by the split A/C unit in the Mechanical Room described previously. 

The existing ductwork, which is rusted and deteriorated, will be demolished and replaced. 

3.3.4 Existing Screen Room 

The Screen Room, which is open below the wet well, is not physically separated from the rest of the 

upper floor of the existing pump station and would be treated as one space. To reduce the classification of 

the Screening Room and wet well from a Class I, Division 1 area to a Class I, Division 2 area, NFPA-820 

requires continuous ventilation at a minimum of 12 air changes per hour. The existing supply fan F-2 and 

existing exhaust fan EF-2 will be demolished and the wall penetrations closed to provide physical 

separation between rooms. A new supply fan will be provided and installed on an exterior wall to provide 

supply air to the Screening Room and the existing Wet Well. Explosion-proof unit heaters will be 

provided to temper the space and prevent freezing. The new odor control unit (refer to Section 3.3.1) will 

serve as the exhaust for the Screen Room and wet well. The supply and exhaust will maintain a negative 

differential pressure relative to ambient of -0.1 inches water column as required by NFPA-820. The 

existing FRP ductwork inside the pump station will be capped and diverted to new ductwork which will 

exit the wet well space below grade and cross under the driveway to the new odor control system pad 

outside. 

3.3.5 New Electrical Equipment Room 

The Equipment Room currently housing the existing odor control system will be repurposed as an 

electrical equipment room. The existing odor control unit, odor control fan EF-1, FRP ductwork, louver 

L1, unit heater, and exhaust fan EF-3 will be demolished. NFPA-820 requires a physical separation 

between unclassified and classified areas. To provide a physical separation, a single doorway and a roll-

up door between the equipment room and the Screen Room will be permanently closed and walled in. The 
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penetrations for louver L1 and exhaust fan EF-3, and the floor opening for the 30-inch FRP odor control 

exhaust ductwork will also be permanently closed to provide physical separation. Two new through-wall 

air conditioners with electric heating and associated supply and return ductwork will be provided to 

address heat loads and positively pressurize the space relative to ambient pressure by 0.1 inches of water 

column. The unit controls will include an “ON-OFF” supply fan selector and a “HEAT-COOL-OFF” 

selector located within wall-mounted thermostats. 

3.3.6 EBPS Wet Well 

To reduce the classification of the new wet well from a Class I, Division 1 area to a Class I, Division 2 

area NFPA-820 requires continuous ventilation at a minimum of 12 air changes per hour. A new supply 

fan and associated ductwork will provide supply air to the wet well and a new odor control system will 

act as the exhaust. The supply and exhaust will maintain a negative differential pressure in the wet well 

relative to ambient pressure of -0.1 inches water column as required by NFPA-820. FRP ductwork will be 

routed below grade from the new wet well to the new odor control unit. Explosion-proof unit heater(s) 

will be provided to temper air during winter months and protect against freezing.  

3.4 Existing Force Main Improvements 

A new isolation valve must be installed on the 48-inch DIP force main both for construction sequencing 

and for long-term flexibility of operation at the pump station. While flow from Citico is isolated to only 

the 30-inch force main, construction will take place to install the new 48-inch isolation valve, the EBPS 

force main connection to the 48-inch line, and a permanent physical access point for pipeline access 

downstream of the isolation valve. This access point will be a blind flange set in a manway structure to 

allow insertion of condition assessment equipment. Similar construction will take place on the 30-inch 

force main to install the EBPS connection and access point, however an isolation valve already exists on 

the 30-inch within the Citico Pump Station such that flow can be shut off and diverted to the 48-inch line 

only. 

4.0 CONSTRUCTION SEQUENCING 

4.1 Introduction 

Construction sequencing will be critical to the success of the pump reliability improvements project. 

Generally, all proposed improvements should be completely constructed prior to connections being made 

to the existing systems. All planning for construction should target minimizing the down-time of Citico 

Pump Station and the CSOTF. Construction of the EBPS should take place such that the 72-inch RCP 

influent line to Citico remains intact and unaffected until all equipment in the EBPS is installed and 
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online. Flow bypass during the construction will be limited to the duration of the EBPS connection to the 

72-inch RCP, such that the EBPS will be operational as soon as the connection is made and the bypass 

can be discontinued. 

4.2 Proposed Construction Activity Sequencing 

Table 4-1 lists the proposed construction activities and the associated availability of pumps and flow per 

river crossing force main. Alternating flow through each force main will be necessary to sequence the 

construction of different connections to the existing system. The EBPS, odor control system, new backup 

generator, and all new switchgear and cabling should be constructed except for final connections to the 

existing system prior to any existing systems being taken offline. The CSOTF will remain in service 

through construction, and downtime will be limited to the switchover to the new electrical equipment 

following full construction of this project scope. 

Table 4-1: Construction Sequencing for Force Main Flow 

Seq. Activity 
48-inch 
WWFM 

30-inch 
WWFM 

PS 
Operating 

Pumps 
Available 

Power 
Source 

1 

Excavation for EBPS 

Build EBPS (72” intact) 

Generator Pad Construction 

Install Electric Duct Bank 

Install Odor Control Ducts 

Install Odor Control Unit 

Start up Odor Control Unit 

Open Open Citico P2,P3,P4 EPB 

2 

Install 48” FM plug valve* 

Install 48” FM Access 

Tie in EBPS to 48” FM 

Demo old Odor Control Unit 

Install new switchgear, 
distribution switchboard, and 

ATS 

Closed Open Citico P1 EPB 

3 

 Install 30” FM Access 

Tie in EBPS to 30” FM 

Transition Citico P1 electrical 
source from ex. switchboard 

to new switchgear 

Open Closed Citico P2,P3,P4 EPB 

4 

Reconnect utility transformer 
source to new switchgear 

Reconnect CSOTF feeder 
and effluent pumps to new 

distribution switchboard 

Open Closed Citico P2,P3,P4 
Trailer-

Mounted 
Generator 
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Seq. Activity 
48-inch 
WWFM 

30-inch 
WWFM 

PS 
Operating 

Pumps 
Available 

Power 
Source 

5 

Bypass 72” Influent to FMs 

Install New Gate in EBPS 

Connect EBPS into 72” line 

Reconnect existing 
switchboard to new 

switchgear 

Open Open Citico 
P2,P3,P4 
+ Bypass 

EPB 

6 

EBPS Online 

Install, connect, and test new 
permanent generator 

Open Closed EBPS P1,P2 EPB 

7 All improvements online Open Open 
Citico 

EBPS 

P1-4 

P1-2 
EPB 

*Requires piping and valve installation within Citico Pump Station to allow Pump No. 1 to operate on the 

30-inch WWFM and be isolated from the rest of the station. This construction is currently being 

performed by the City. 

4.3 Staging 

Site availability for staging is limited within the parcel owned by the City of Chattanooga. Approximately 

10,000 square feet of grassed, open area immediately southeast of Citico may be available for staging, 

however this land is not City-owned and may require separate agreement with the land owner, Tennessee 

American Water. The area for construction staging is shown on drawing C101, Overall Site Plan, in the 

attached preliminary drawings. 

4.4 Site Access 

Citico Pump Station is accessible by vehicle from a driveway connection on Riverfront Parkway (State 

Road 58). This driveway and access to the adjacent facility operated by the Parks Department must 

remain open during construction. Access must also remain open for pump station operations staff and for 

the City’s 21-foot-long truck which removes the screenings dumpster off-site to be emptied.  

4.5 Community Impact 

Citico Pump Station is located on the Tennessee Riverwalk, a concrete multi-use path adjacent to the 

river. Construction activities should be barricaded from access and visually screened from pedestrians 

utilizing the Riverwalk. 
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4.6 Permitting 

Construction of these improvements will require permitting with authorities having jurisdiction, including 

the Tennessee Department of Environment and Conservation, the Tennessee Valley Authority, the US 

Army Corps of Engineers, and the City of Chattanooga. 

4.6.1 USACOE & TVA 

The EBPS improvements do not propose to impact any aquatic resources under the Waters of the United 

States regulations, however a permit application will still be required. A joint application will be made to 

the US Army Corps of Engineers (USACOE) and Tennessee Valley Authority (TVA) to demonstrate 

conformance with USACE Nationwide Permit, Section 3. Construction notification may not be required 

as long as the work adheres to the General Conditions under this permit. 

4.6.2 TDEC 

The Tennessee Department of Environment and Conservation will require plans review and potentially an 

application for Aquatic Resource Alteration Permit and State Water Quality Permit.  

4.6.3 City of Chattanooga 

The City Land Development office will require application for a Land Disturbing Permit (LDP) and a 

building permit to be obtained by the Contractor. 
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0.3 CAPITAL COST ESTIMATE

City of Chattanooga, TN

CITICO

Emergency Backup Pump Station

95307

Chattanooga, TN

Acct Area / Discipline
Direct 
MHRS Labor Cost Material Cost 

Engr Equip/ 
Subcontract 

Cost 

Const. 
Equipment 

Cost Total Cost 

01 Engineered Equipment 1,360 $86,311 $1,171,564 $23,932 $1,281,807

02 Civil 9,995 $546,320 $270,600 $653,467 $191,594 $1,661,981

03 Deep Foundations

04 Concrete 5,788 $315,061 $347,210 $68,563 $30,731 $761,565

05 Structural Steel 92 $5,676 $141,016 $1,235 $147,927

06 Architectural 954 $53,031 $71,172 $36,210 $19,770 $180,183

07 Piping 578 $35,566 $864,519 $5,991 $906,076

08 Electrical 3,856 $317,507 $1,764,911 $53,795 $15,987 $2,152,200

09 Instrument & Control

10 Insulation

11 Coatings

12 Specialty

13 Demolition

14 Misc Directs

Total Direct Cost 22,623 $1,359,472 $3,459,428 $1,983,599 $289,240 $7,091,739

Rev. Revision Date Construction Mgmt & Indirects

0 12-16-16 Engineering

1 01/25/17 Start-Up

2 02/13/17 Commercial

3 02/16/17 Escalation

Total Indirect Cost

Total Direct and Indirect Costs $7,091,739

Project Contingency 15% $1,063,761

G&A

EPC Fee

Total Project Cost $8,155,500

Owner Cost - General, Taxes & Fees

Owner Cost - Owner Contingency

V 2.6 Total Project Cost Incl. Owner Cost $8,155,500

95307 CITICO Emergency Backup Pump Station REV 3 02‐16‐17.xlsx 8:47 AM 2/16/2017



 

 

ATTACHMENT 1 - PRELIMINARY DRAWINGS
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